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HUMOR ABSORBING ARTICLE 



ABSTRACT : PROBLEM TO BE SOLVED: To deodorize odor of the humor such as menstural blood 

and provide good visibility by mixing hydrophobic zeolite with ratio of silica to alumina 
higher than a specific value as a deodorant into a humor absorbing article for absorbing 
the humor, such as a sanitary item, an incontinence sheet, loukorrhea sheet. 

SOLUTION: In a humor absorbing article in which a crash pulp A is mixed with an 
absorbing polymer B and hydrophobic zeolite C, and the upper and lower parts are coated 
with a partitioning sheet D and are pressurized into a thin sheet, for deodorizing odor 
humor, the hydrophobic zeolite C with ratio of silica to alumina higher than at least 30 is 
mixed to an absorber. The hydrophobic zeolite C may be mixed with the absorbing 
polymer B into the crash pulp A as required to form the absorber, preferably, the zeolite is 
mixed together with the absorbing polymer B into the crash pulp A to provide a desired 
thickness, and its upper and lower parts are coated with the partitioning sheet D allowing 
the pass of the humor and pressurized to form a deodorizing sheet in the thin sheet form. 

COPYRIGHT: (C)2001 ,JPO 
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Mechanically stable hydrogels 
Specification 

5 

The present invention relates to ionically crosslinked hydrogel: 
obtainable by addition of aluminates of the formula ( I ) 

" M n [H 2n+2 Al n 03n+l] (I)/ 

where 

„ M is potassium or sodium, and 



n is an integer from 1 to 10, 

to an uncrosslinked or covalently crosslinked hydrogel, the 
post-addition pH being within the range from 3.0 to 9.5, a 
20 process for their preparation and their use for absorbing aqueous 
fluids . 

The field of art to which the invention relates is accordingly 
that of water-insoluble, crosslinked, carboxyl-containing 
25 polymers which are capable, by swelling and forming hydrogels, of 
absorbing aqueous fluids and body fluids, for example urine or 
blood, while retaining the absorbed fluids under pressure. 

3 ^ The preparation and use of such hydrogel-forming polymers has 
been described in numerous patent specif ications, such as 
EP-A-316 792, EP-A-400 283, EP-A-343 427, EP-A-205 674 and 
DE-A-4 418 818. 

35 To prepare polymers which are hydrogels having a particularly 

high fluid absorption capacity, a high gel strength and also high 
absorption under pressure, it has been found to be necessary to 
subject the polymer particles to a subsequent surface treatment. 

40 preference is given to using substances which contain two or more 
groups capable of forming covalent bonds with the carboxyl groups 
of the hydrophilic polymers (EP-A-0 349 240). 

Useful crosslinkers are polyglycidyl ethers, haloepoxy compounds, 
45 polyols, polyamines and polyisocyanates. Furthermore, 

DE-A-3 314 019, EP-A-0 317 106 and DE-A-3 737 196 mention 
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polyfunetional azidine compounds, alkyl di(tri) 
oleosoluble polyepoxy compounds • 



According to DE-B-4 020 780, improved absorption under pressure 
5 is achieved through surf ace-cross linking treatment of a polym 
with 0.1 to 5% by weight of alkylene carbonate. 



10 



It is further known to surface-crosslink superabsorbent polymers 
with polyvalent metal cations. For instance, EP-A-386 897, 
US-A-5 684 106 and US -A- 4 798 861 describe the use of aluminum 
salts for surface crosslinking. 



The use of polyvalent metal oxides for surface crosslinking is 
15 described in JP-A-01 029 257, and US-A-5 399 591 teaches the use 
of polyvalent metal cations in combination with organic 
carbonates. 



EP-A-372 981, JP-A-03 179 008, US-A-5 314 420 and US-A-4 690 971 
20 describe the use of polyvalent metal ions in general for surface 
crosslinking. 



It is an object of the present invention to prepare novel 
hydrogels possessing in particular improved mechanical stability 
for the swollen gel particles. The hydrogels shall further have 
improved properties with regard to gel strength and water 



30 



We have found that this object is achieved by ionically 
crosslinked hydrogels obtainable by addition of aluminates of the 
formula ( I ) 



Mn[H2n+2Al n 0 3n+ il 



where 



(I) 



M 



is potassium or sodium, and 



40 



n is an integer from 1 to 10, 



to an uncrosslinked or covalently 
post-addition pH being within the 



slinked hydrogel, the 
from 3.0 to 9.5. 



45 



Li LI 
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According to the invention, the ionic crosslinking by means 
aluminate ions takes place homogeneously in the gel form of the 
polymeric hydrogels prior to drying to powders or granules . 

5 These hydrogel structures are prepared by adding aluminates I, 
preferably [Al(OR)-4]—, to polymeric aqueous gels (hydrogels) which 
contain carboxyl groups and/or alkali metal or ammonium 
carboxylate groups and which may be uncrosslinked or 
precros si inked by covalent bonds. 
10 Al( OH) 3 dissolves as an amphoteric hydroxide not only in acid 

- 

Al(OH) 3 + 3H+ -* Al 3+ + 3H 2 0 (a) 
15 to form aluminum salts (a), but also in bases 

Al(OH 3 ) + OH — A1(0H) 4 - (b) 
with aluminate formation (b) 

20 

Al(OH) 3 + NaOH i5 NaAl0 2 + 2 H 2 0 .(c). 

The aluminate ion [Al(OH)4]~ is not stable as such and condenses 
25 readily with loss of water to form oxo compounds having a higher 
molecular weight. Instead of by condensation, the aluminate ion 
[Al(OH4)]~, as the isolation of sodium salts of the composition 
3 Na 2 0-Al 2 0 3 -6H 2 0 shows, can also be stabilized by taking up 2 OH 
ions 

30 

Na[Al(OH) 4 ] + 2 NaOH ^ Na 3 [ Al (OH) 6 ] . 

The first step in the condensation of the aluminate ion with loss 
of water is the dialuminate ion 

35 



[Al(OH) 3 -0-Al(OH) 3 ] 



2- 



which can be isolated in the form of the potassium salt 

40 

K 2 [H 6 A1 2 07] = K 2 0 • Al 2 0 3 • 3 H 2 0 
for exconpie. 

45 
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4 

* - 

Further condensation leads to polyaluminate ions of the general 
formula 

- 

[H2n+2Aln0 3n+1 ] n - 

5 

ri =3 tr ialuminate ions 
n = 4 tetraaluminate ions 

10 which are known in the form of their salts 

i • 

Na 3 [H 8 Al 3 Oio] and Na 4 [H10AI4O13] . 

Preference is given to using covalently crosslinked hydrogels 
obtained by polymerization of 90-99.99 mol% of a mo nouns aturated 
monomer containing carboxyl groups and/or alkali metal or 
ammonium carboxylate groups and 0.01-10 mol% of a crosslinker. 

20 Suitable crosslinker s are in particular methylenebisacrylamide, 
methylene bismethacrylamide, esters of unsaturated mono- or 
polycarboxylic acids of polyols, such as diacrylate or 
triacrylate, e.g., butanediol acrylate, butanediol methacrylate, 
ethylene glycol diacrylate , ethylene glycol dimethacrylate, 

25 trimethylolpropane triacrylate and allyl compounds such as 
allyl(meth) acrylate, triallyl cyanurate, diallyl maleate, 
polyallyl esters, tetraallyloxye thane, trial lylamine, 
tetraallylethylenediamine, allyl esters of phosphoric acid and 
also vinylphosphonic acid derivatives as described for example in 

30 EP-A-0 343 427. However, particular preference is given to 

hydrogels prepared using polyallyl ethers as crosslinkers and by 
acidic homopolymerization of acrylic acid. Suitable crosslinkers 
are pentaerythritol triallyl ether, pentaerythritol tetraallyl 
ether, polyethylene glycol diallyl ether, monoethylene glycol 

35 diallyl ether, glycerol diallyl ether, glycerol triallyl ether, 
polyallyl ethers based on sorbitol and also alkoxylated variants 
thereof. 

Monounsaturated monomers include for example vinylaeetic acid and 
40 preferably acrylic acid and methacrylic acid and also their 
alkali metal or ammonium salts, for example sodium acrylate, 
potassium acrylate and ammonium acrylate. Preference is given to 
ionically crosslinked hydrogel structures containing from 50 to 
99.99% by weight of structural units derived from acrylic acid. 

45 
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Such hydrogels are common knowledge and are prepared by commonly 
used processes. 

The ionically crossllnked hydrogel structures of the invention 
* are preferably obtained by free-radically polymerizing aqueous 
acrylic acid solutions by addition of olefinically 
polyunsaturated compounds, for example by addition of the 
abovementioned crosslinkers . The polymerization process provides 
aqueous hydrogels which are then adjusted to pH values within the 

10 range from 3.0 to 9.5, preferably from 4.0 to 7.5, by addition of 
aluminate ions as per the above description in conjunction with 
bases such as sodium hydroxide or potassium hydroxide. The bases 
can be added not only prior to the addition of the aluminate but 
also together with the aluminate. In the former case, the 

15 crosslinking of fully or partially neutralized gels takes place. 
It is similarly possible to polymerize partially neutralized 
aqueous acrylic acid solutions preferably in the presence of a 
crosslinker and then to crosslink with aluminates, if necessary 
with the addition of further base. 



20 



25 



The amount of aluminates used is within the range from 0.05 to 
80 mol%, preferably within the range from 0.05 to 30 moll, of 
aluminum, based on the sum total of carboxyl groups and alkali 
metal or ammonium carboxylate groups, preferably based on the 
units to be neutralized in the hydrogel. 



A particularly advantageous way to prepare the novel polymeric 
hydrogels is to use mixtures of sodium or potassium hydroxide 
3Q solution with mono-, di-, tri- or tetraaluminates, or else of 
higher polyaluminates of the general formula ( I ) 

M n [H 2 n+2Aln0 3 n+l] (I), 

35 where M is sodium or potassium and n is from 5 to 10, and also 
mixtures thereof. 



40 



45 



The polymerization may be initiated with free-radical formers, 
for example organic or inorganic peroxides and also azo 
compounds. Examples are benzoyl peroxide, tert -butyl 
hydroperoxide, cumene hydroperoxide, (NH 4 )2S208, K2S2O8, H 2 S 2 0e, 
H 2 0 2 or azobisisobutyronitrile . Redox systems are also very useful 
as polymerization initiators. The polymerization may finally also 
be initiated by means of high energy radiation. 



[urn 



V • 
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When compounds of the general formula I are added to an 
uncrosslinked pre (go) polymer , this is generally accomplished 
prior to drying by homogeneous mixing , for example by kneading an 
aqueous polymer gel in a kneader. However, preference is given to 
5 using covalently precrosslinked hydrogel structures , which are 
then used with compounds of the formula I preferably in the form 
of mixtures with bases, such as sodium hydroxide or potassium 
hydroxide, for neutralization to the desired pH. 

*9 Following production of the ionically crosslinked hydrogel, which 
may be carried out in suitable apparatus such as kneader s, 
extruders or after precomminution in customary mixing machines, 
for example plowshare or screw mixers, the gel particles are 
subjected to a drying process to remove the water, then ground 

15 and classified to a desired particle size distribution spectrum. 

The polymer particles prepared in this way are able to absorb a 
multiple of their own weight of aqueous fluids. Hydrogel 
particles form which have special physical properties. 

When hydrogel particles prepared in a similar manner by 
polymerization of unsaturated water-soluble acids in the presence 
of olefinically polyunsaturated compounds are subjected to 
25 repeated mechanical stress, for example the action of strong 
shearing forces, the hydrogel network structure is irreversibly 
degraded through destruction of covalent bonds by the mechanical 
stress. The consequence is that the mechanical stability of the 
gel particles, i.e., the gel strength, drops off dramatically. 



30 



The hydrogel structures of the invention, which are crosslinked 
by an ionic mechanism as well as covalent crosslinking elements, 
do not exhibit this disadvantage, since the ionic crosslinking 
elements are capable of recombining. 



The hydrogels of the invention are highly useful as absorbents 
for aqueous fluids, for formulating cosmetic preparations, as 
consolidators and/or binders of fibrous sheet materials 
containing reactive groups, and also as drilling fluids and 
40 cement slurries in petroleum production. 

Novel hydrogels based on acrylic acid in particular are useful as 
superabsorbent polymers (SAPs) for use in hygiene articles, for 
^ example diapers, tampons or sanitary napkins. These hydrogels 
preferably contain from 50 to 99.99%, especially up to 98%, by 
weight of structural units derived from acrylic acid. Particular 
preference is given to hydrogels which are copolymers of acrylic 
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acid and doubly or more highly unsaturated compounds and which 
were prepared in aqueous solution. 

Novel hydrogels based on carboxymethyl polysaccharides are 
5 likewise highly suitable for use as SAPs. 

Since the compounds of the general formula I are soluble in 
agueously alkaline systems, it is possible to obtain 
water-swellable hydrogels according to the invention which have a 
more homogeneous network compared with prior art compounds. As a 
result, the hydrogels possess not only a high absorption capacity 
but also a high gel strength. 

15 Postcrosslinking with compounds of the general formula I 

significantly improves already covalently precrosslinked polymers 
intended for use as SAPs with regard to their absorption under 
pressure performance and also especially the mechanical stability 
of the gel structures following mechanical stress owing to the 

20 recombinability of the ionic crosslinking elements. 

The improved mechanical property profile of the hydrogel 
structures of the invention compared with conventional, 
covalently crosslinked products can be demonstrated by measuring 
25 the gel recovery index. 

Measurement of the gel recovery index: 
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The gel recovery index was measured by means of a Creep Meter, 
Model RE-3305 from Yamaden Co., Ltd. The instrument in question 
is a penetrometer with which investigations of structural and 
consistency changes can be carried out as a function of time or 
changing stress effects. At the heart of the instrument is a 
vertically displaceable measuring carriage comprising a force 
transducer and a plunger as probe. The force transducer measures 
the compressive or tensile forces which act from the sample on 
the probe as the carriage is displaced. Either the maximum 
penetration by the probe may be preset (to measure the force) or 
the maximum force absorption (to measure the penetration) . To 
measure the gel recovery index, 0.2 g of SAP having a particle 
size range extending from 400 — 500 \xm is introduced into 7 g of 
0.9% strength by weight sodium chloride solution and the gel is 
maintained at room temperature for 3 h to achieve homogeneous 
swelling. 0.2 g of this gel is spread uniformly over the sample 
plate without mechanical stress being applied, using a spatula. 
The plunger is then moved down until it just touches the surface 
of the swollen SAP particles . From this starting position, the 
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8 

plunger is then moved in and out of the gel for 20 cycles at a 
speed of 0.5 mm/ a. The force absorption decreases from cycle to 
cycle , since the mechanical stress involved destroys part of the 
gel structure, reducing the modulus of elasticity of the gel. The 
5 depth to which the plunger penetrates is chosen so that the force 
absorption in the 20th cycle (50") amounts to 3% of the force 
absorption during the 1st cycle, and therefore has to be 
individually determined for each product by preliminary 
experiments. After the first 20 cycles, the gel is left on the 

10 sample plate at room temperature for 20 minutes. During this 

period, the gel has the opportunity to recover and to repair the 
network defects due to the mechanical stress. After expiration of 
this period, the test program is repeated (2nd series of cycles), 
the extent of plunger penetration remaining the same. Tables 1 

15 and 2 illustrate the test method with data for the force 

absorption of gels having no repair effect and gels having a 
complete repair effect. The gel recovery index is calculated as 
follows : 
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1 - [2 • (A - C) / A] 



G » force 



ion during 1st cycle of 1st series of cycl 
absorption during 1st cycle of 2nd series of cycles 



The following tables 
units . 



report the force absorption in relative 



Table 1 : 

JW Measurement of gel recovery index of sample having 
(inventive example) 



Cycle 


Force absorption 
1st: series of cycles 


Force absorption 
2nd series of cycles 


1 


100 


100 


2 


94.5 


94.5 


3 


90 


90 


4 


86 


86 


5 


82 


82 


6 


78.5 


78.5 


7 


76 


76 


8 


73 


73 


9 


70.6 


70.6 


10 


68 


68 


11 


65.2 


65.2 



40 



45 
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5 



12 


63 


63 


13 


60.6 


60.6 


14 


58.5 


58.5 


15 


56.5 


56.5 


16 


54.8 


54.8 


17 


53.3 


53.3 


18 


52 


52 


19 


50.7 


50.7 


20 


50 


50 



Gel recovery index=l-[ 2 •( 100-100 )/100 ]=1 



Table 2: 

15 Measurement of gel recovery index of sample having no repair 
effect (prior art) 



20 



30 



35 



40 



Cycle 


Force absorption 
1st series of cycles 


Force absorptxon 
2nd series of cycles 


1 


100 


49 


2 


94.5 


48.03 


3 


90 


47.09 


4 


86 


46.18 


5 


82 


45.3 


6 


78.5 


44.45 


7 


76 


43.63 


8 


73 


42.84 


9 


70.6 


42.08 


10 


68 


41.35 


11 


65.2 


40.65 


12 


63 


39.98 


13 


60.6 


39.34 


14 


58.5 


38.73 


15 


56.5 


38.15 


16 


54.8 


37.6 


17 


53.3 


37.08 


18 


52 


36.59 


19 


50.7 


36.13 


20 


50 


35.7 



Gel recovery index=l-[2- ( 100-49)/100]=-0.02 
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Gels having a complete repair effect exhibit a gel recovery index 
of 1.0, while gels without repair effect exhibit a gel recovery 

<0. 



10 



5 inventive Example 1 

A 10 1 capacity polyethylene vessel well insulated by foamed 
plastics material is charged with 3677*4 g of demineralized 
water , followed by 1300 g of acrylic acid metered in at a gradual 
rate. 10 g of pentaerythritol triallyl ether are then added as 
covalent crosslinker. At 4°C, the initiators , a redox system 
consisting of 2.2 g of 2 , 2 ' -azobisamidinopropane dihydrochloride, 
dissolved in 20 g of demineralized water, 4 g of potassium 
peroxodisulf ate, dissolved in 150 g of demineralized water, and 
0.4 g of ascorbic acid, dissolved in 20 g of demineralized water, 
are added in succession and stirred in. The reaction solution is 
then left to stand without stirring, the initiated 
polymerization, in the course of which the temperature peaks at 
about 89°C, producing a firm gel. This is then mechanically 
comminuted and simultaneously adjusted to pH 5.8 with an aqueous 
solution of 30% strength NaOH which contains 10% by weight of 
sodium aluminate (Riedel-de Haen), dried at 120°C and ground. The 
present product described has a GR index of 0.5. 



15 



20 



30 



25 

Comparative example 

Inventive Example 1 is repeated using only a 30% strength aqueous 
solution of NaOH to adjust the acidic gel to a pH of 5.8. 

Inventive Example 2 

Inventive Example 1 is repeated, except that the acidic gel is 
adjusted to pH 6.1 using 30% strength aqueous KOH containing 15% 
by weight of sodium aluminate in solution. The resulting product 
has a 6R index of 0.7, is highly suitable for use in babies' 
diapers and is notable for excellent fluid retention. 

40 Inventive Example 3 

Under adiabatic conditions, a 1.5 1 cylindrical wide-neck 
reaction flask is charged with 1287 g of 15°C demineralized water, 
and 225 g of acrylic acid and 128 g of tetraallyloxyethane are 
45 dissolved therein. Nitrogen is passed into the monomer solution 
£t about 2 1/min for about 20 min to reduce the oxygen content. 
At an 0 2 content of 1.5 ppm, 7.7 g of a 10% strength aqueous 




D'^'i HA 
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solution of 2 / 2'-azobis(2-amidinopropane) dihydrochloride are 
added, followed after further N2 introduction and an O2 content of 
1.3 ppm by 2.6 g of a 1% strength H2O2 solution and, finally, at 
an O2 content of 1.0 ppm by 6.4 g of a 0.1% strength ascorbic acid 
5 solution. Polymerization, in the course of which the temperature 
peaks at about 65°C, produces a firm gel, which is then 
mechanically comminuted. 400 g of the comminuted ... 



The product obtained is essentially characterized by the 
*Q following physical data, all measured in 0.9% NaCl: extractables 
(16 h value) 7.7%, absorption under pressure (20 g/cm 2 ) = 
23.8 g/g, GR index =0.3. 



15 



Table 3 



Example 


Extractables 
16 h value (%) 


Absorption under 

pressure 
(20 g/cm 2 ) (g/g) 


Gel recovery 
index 


Comparative 


10.2 


9.4 


0 


Inventive 1 


7.5 


25.2 


0.5 


Inventive 2 


7.1 


32.9 


0.7 


Inventive 3 

1 . ...... 


7.7 


23.8 


0.3 



20 



All values measured in 0.9% strength NaCl 
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We claim: 



1. Ionically crosslinked hydrogels obtainable by addition of 
aluminates of the formula (I) 



M n [H2n+2Al n 0 3n+1 ] 



(I) 



10 



where 



M 



is potassium or sodium, and 



15 



n 



is an integer from 1 to 10, 



to an uncrosslinked or covalently 
post-addition pH being within the 



linked hydrogel, the 
from 3.0 to 9.5. 



20 2. Ionically crosslinked hydrogels as claimed in claim 1, 
wherefor the hydrogel used bears carboxyl groups and/or 
alkali metal or ammonium carboxylate groups. 



25 



3. Ionically crosslinked hydrogels as claimed in claim 1 or 2, 
containing from 50 to 99.99% by weight of structural units 
derived from acrylic acid. 



30 



4. Ionically crosslinked hydrogels as claimed in any of claims 1 
to 3, wherefor the hydrogel used was prepared by free-radical 
copolymerization . 



35 



5. Ionically crosslinked hydrogels as claimed in one or more of 
claims 1 to 4, prepared by addition of compounds of the 
formula (I) where n is an integer from 2 to 4. 



40 



45 



6. Ionically crosslinked hydrogels as claimed in one or more of 
claims 1 to 5, wherefor the pH during the addition of 
compounds of the formula (I) is adjusted to 4.0 - 7.5. 

7. Ionically crosslinked hydrogels as claimed in one or more of 
claims 1 to 6, wherefor the amount of aluminates is within 
the range from 0.05 to 80 mol% of Al based on the acid units 
to be neutralized in the hydrogel. 



C/7 4n 
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8. Ionically crosslinked hydrogels as claimed in one or more of 
claims 1 to 7, wherefor a covalently crosslinked hydrogel is 
used. 

5 9. Ionically crosslinked hydrogels as claimed in one or more of 
claims 1 to 8, wherefor the hydrogel used was prepared by 
copolymerization of acrylic acid with doubly or more highly 
unsaturated compounds in aqueous solution* 

° 10. A process for preparing ionically crosslinked hydrogels as 

claimed in any of claims 1 to 9, which comprises reacting an 
uncrosslinked or covalently crosslinked hydrogel with 
aluminates I in such a way that a pH of from 3.0 to 9.5 is 
obtained. 
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Mechanically stable hydrogels 



Disclosed are ionically crosslinked hydrogels characterized by 
the addition of compounds of the formula ( I ) 

10 M n [H 2 n + 2Aln0 3 n+l] (I), 

. where 

M is potassium or sodium, and 

15 

n is an integer from 1 to 10, 

for crosslinking, the pH being within the range from 3.0 to 9.5 

20 
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